between fast and slow skeletal muscles is that the ATPase activity of fast muscle actomyosin is high whereas ATPase activity of slow muscle actomyosin is low (7, 8, 9, 12). It seems probable that ATP hydrolysis by actomyosin is the rate-limiting step in the speed of muscle shortening, and that differences in actomyosin ATPase activity reflect differences in the rate of ATP utilization during the contractile process (7, 14, 2 1, 24 to the time they were killed by decapitation.
For studies of the fast-twitch red and the fast-twitch white types of muscle fiber, the vastus lateralis muscles were dissected out, freed of fat and connective tissue, and separated into a superficial white portion, which consists almost entirely of white fibers, and a deep, red portion, which consists predominantly of fast-red fibers (4, 9) Approximately equal amounts of each type of muscle sample were obtained from the trained and untrained animals. The middle, mixed portion of the vastus lateralis was discarded.
The soleus muscle, which consists predominantly of slow-twitch red fibers (1, 4), was used for studies on slow-red muscle. The heart was excised and the great vessels, valves, and atria were trimmed away. Tissue preparation and assay methods. Skeletal muscle samples weighing 400-600 mg and heart muscle samples weighing approximately 900 mg were used for preparation of actomyosin. Muscle samples from the exercise-trained animals and from their sedentary controls were processed at the same time. Soleus muscles from two animals had to be pooled to obtain sufficient actomyosin for analysis. The muscle samples were minced and suspended in 10 vol of the "relaxing buffer" of Zak et al. (33), which contains, in millimoles per liter: KCl, 100; MgCla, 5; EGTA, 5; Na pyrophosphate, 5; at pH 6.8; and stirred at 4°C for 20 min. The relaxing buffer was then decanted, and the muscle mince was homogenized in a solution containing (mM): sucrose, 250; KCl, 50; EGTA, 5; and M&12, 5; at pH 6.8; with a glass Potter-Elvehjem homogenizer immersed in ice water. The homogenates were centrifuged at 1,000 X g for 10 min, and the supernatant was discarded. The crude myofibrillar pellet was rehomogenized in 100 mM KC1 containing 5 mM EGTA, 5 mM MgC12, and 0.1% Triton X-100; at pH 6.8; the homogenate was centrifuged at 1,000 X g* This procedure was repeated once. Next, the myofibrils were subjected to two additional washes in 100 mM KC1 containing 5 mM EDTA and 10 mM Tris-HCl, at pH 6.8. The washed myofibrils were then homogenized in a solution containing 660 mM KCl, 0.5 mM cysteine, 50 mM Tris-HCl, at pH 7.4. The homogenate, which contained myofibrils from 1 g of muscle per 20 ml, was stirred for 20 h at 4°C to extract the actomyosin, which was then concentrated by dialysis as described by B&Any and Close (8). at a final pH of 7.4 (cf. 17). Reactions were carried out in 25-ml Erlenmeyer flasks placed in a Dubnoff shaker at 30°C. After preincubation for 10 min, the reaction was initiated by addition of the ATP. After 2 min, the reaction was stopped by the addition of 1 ml of 8 % perchloric acid. Control flasks containing the above reaction mixture were treated in the same manner as the experimental flasks with the exception that the perchloric acid was added prior to addition of the ATP. Ca*-activated ATPase of actomyosin was determined in a reaction mixture containing, in a final volume of 4 ml, in the three types of skeletal muscle and in heart muscle of exercise-trained and untrained animals (Fig. 1) . into fast myosin and vice versa (8, 12). Although this process has commonly been referred to as transformation, it has not actually been shown that one type of myosin is transformed into the other. It seems more likely that cross-innervation of, for example, a slow muscle by a nerve from a fast muscle induces synthesis of fast myosin and represses synthesis of slow myosin, so that fast myosin gradually replaces the slow myosin. As shown in the present study, less marked, but nevertheless significant , alterations in actomyosin ATPase activity can be induced in the fast-twitch red and slow-twitch red types of muscle fiber in response to strenuous, prolonged exercise. This finding provides evidence that the habitual red fibers in the proportion of fast-twitch red fibers in the soleus in response to exercise training (3, 10, 15). The absence of a significant alteration in actomyosin ATPase activity in the fast-white muscle fibers in response to the running program is probably due to lack of an adequate adaptive stimulus. The white fibers appear to con tract infrequen tly in leg muscles of rats duri .ng pro1 .onged long m-distance running, so that most of the work is performed by the fast-red and slow-red fibers (5).
Available evidence indicates that the so called Mg++-activated actomyosin-ATPase reaction, which involves myosin plus actin, Mg ++, ATP, and a very low concentration of Ca++, represents the fundamental biochemical process that occurs in the myofibrils during muscle contraction (14). ATP forms a complex with Mg+f, which is bound to myosin, and serves as the substrate for the ATPase. In the absence of Ca++, interaction between actin and myosin is inhibited by the modulatory proteins, tropomyosin and troponin.
Ca ++ at very low concentrations (about 10m5 M) Since heart muscle contracts continually and has the highest capacity for aerobic m.etaboiism of any mammalian muscle, it seems reasonable that the enzyme patterns for the generation of ATP and for the hydrolysis of ATP during muscle contraction are the optimal ones for continuous and vigorous submaximal contractile activity. Clearly, skeletal muscle has specialized functions, such as the maintenance of posture in the case of the slow-twitch muscles and the performance of short bursts of intense work that exceed the muscle's capacity for aerobic metabolism in the case of the fast-twitch muscles, that preclude an enzyme pattern identical to that in heart. However, in response to endurance exercise training, the fast-twitch red and slow-twitch red types of muscle fiber become at least somewhat more like heart muscle in their enzyme patterns with respect to both the mitochondrial enzymes involved in the generation of ATP via aerobic metabolism and the glycolytic and glycogenolytic enzymes responsible for the generation of ATP anaerobically (4, 6, 32). It is, therefore, of considerable interest that fast-twitch red and slow-twitch red skeletal muscle fibers also become more like heart muscle with respect to their actomyosin ATPase activity, which represents the major pathway for ATP utilization in muscle (Table 2) 
